INTRODUCTION
Although the understanding of the genetics of dairy streptococci has been greatly advanced in recent years, most interest has been focused on Correspondence to: M. Novel, Laboratoire de Grnrtique Microbienne, IRBA Universit6 de Caen, 14032 Caen Cedex, France. plasmid functions, with few studies of the chromosomal genes [1] . One technique used for the genetic analysis of the chromosome is to perform complementation tests with well-defined Escherichin coil mutations. This method has been used to isolate rec genes from several Gram-negative bacteria, using different E. coil recA mutations [2] [3] [4] [5] [6] [7] [8] [9] .
In E. coil, the recA gene product is required for homologous genetic recombination and induction of the SOS repair system [10] . Recombinase activity can be detected by phage plating efficiency, which requires a recombination event between terminal repeats for replication [5] . SOS repair may be detected by resistance to certain SOS inducers, such as methyl methane sulfonate (MMS), mitomycin C (MC) or UV irradiation {UV) [10] and by prophage induction [11] .
E. coil recA mutations have been complemented by genes from Gram-positive bacteria, such as Streptomyces fradiae [12] . Similarly, the E. coli recA gene complements the recE4 mutant Bacillus subtilis [13] . It has been shown that the DNA sequences of these genes are very much similar, and that the B. subtilis RecE protein cross-immuno reacts with the E. coli RecA protein [14] . It appears therefore that the RecA protein is highly conserved within procaryotes [10] .
Here, we report the construction of a Lactococcus lactis genomic library and the isolation of a clone from that library which complemented the E. coil fecal mutation. The clone restores MMS-, MC-and UV-resistances, as well as prophage induction by UV. However, the cloned DNA did not complement recombinase activity in E. coil as assessed by P1 plating efficiency. However, it complemented a Lc. lactis Rec-deficient strain [15] . The nature of the cloned gene is discussed. [9] . Antibiotics were used at concentration of 50 /~g/ml for ampicillin and 10 #g/ml for erythromycin. All DNA isolations and manipulations of E. coil were performed as described in Maniatis et al. [16] . To construct lysogenic E. coil strains, l0 s pfu of a phage lambda (?0 lysate were plated on soft agar in an E. coli lawn. Cells were picked from cloudy plaques, and streaked to single colonies. The isolated strains were cross-streaked with Avir and ?~cl. Those strains that were ~vir s and Acl r were selected as being lysogenic for A.
MATERIALS AND METHODS
Lc. lactis was transformed using the Biorad Genepulser system, as follows: a culture of Lc. lactis was grown to early log phase, the cells harvested by centrifugation and resuspended in 0.5 M sucrose to a concentration of 10 to cells/ml. 400 #1 of the suspension was submitted to 2 kV at 25/~F in a 0.2 nun cuvette in the presence of 5/~g of plasmid DNA. The cells were then regenerated in sucrose-M17 medium. Total DNA from Lc. lactis was prepared as previously described [17] . UV-, MMS-and mitomycin C-sensitivities were determined as in ref. 18 .
RESULTS

E. coil recA gene does not hybridize with the Lactococcus chromosome
Total Lc. lactis Z270 DNA, hydrolyzed by various enzymes was probed with 32p-labelled pRM55. No hybridization was found (data not shown).
4,2. Construction of recombinant plasmids which restore MMS resistance to an E, coil recA mutant
A partial EcoRI digest of Lc, Lactis Z270 total DNA was ligated with pUC19 cut with EcoRl. The resulting plasmid library was used to transform the E, coil strain JM109 (fecAl), Transformants were selectee as white colonies on 2xTY plates containing ampicillin and Xgal. Individual transformants were replica plated onto 2xTY plates containing ampicillin and 0,04~ MMS. Five out of 3000 Amp r transformants formed colonies on MMS plates after 24 h, After subcultures, only one clone retained MMS resistance, This strain contained a single 8.05 kb plasmid, named pUCB210. The plasmid was used to transform JM109, and Amp r or MMS r transformants were selected. Both selections gave transformants with equal frequency, and all Amp r transformants were found to exhibit the MMS resistant phenotype. Moreover, after several subcultures without antibiotic, ampicillin and MMS resistances were lost concomitantly. 32P-labelled pUCB210 was prepared and used as a probe against an EcoRl digest of Lc. lactis chromosomal DNA in Southern blot experiments. Two fragments (4.1 and 1.25 kb) hybridized with the probe. Fig. 1 shows the survival curves for E. coli JM109 (recAl)/pUC19, JMlO9(recAl)/ pUCB210 and C600 (rec +) to different SOS-inducing agents. Treatment with 0.05% MMS was lethal to JM109/pUC19 (99.9% lethality) while JM109/pUCB210 and C600 were fully resistant. The survival rate of JMlO9/pUCB210 after UV irradiation or mitomycin C treatment was higher than that o¢ the rec + strain.
pUC8210 complements the fecal mutation in E. colt
A phage Pl stock solution was used to determine the e.o.p, on JMI09 and on JMI09/ pUCB210. Pl failed to produce plaques on either strain, even when an inoculum of 107 pfu/plate was used. Pfu were determined on C600.
Mapping and subcloning of the lactic cloned gene
The restriction map of the 5.35 kb /x.. lactis DNA fragment in pUCB210 was determined (Fig.  2) . To localize the putative rec region, deletion derivatives of the insert were constructed by EcoRl digestion of pUCB210 followed by religation. A plasmid deleted of the 1.25 kb-EcoRl fragment, pUCB211, still confered MMS-rcsistance. Aval digestion of pUCB210 and religation resulted in a 2 kb deletion (pUCB212): JM109/pUCB212 was not resistant to MMS.
Induction of the lambda prophage
Transformation of GY5360 (~+, recA306) and GY5842 (~bS0 +, recA306) with pUCB210 resulted in abortive transformants. Attempts to lysogenize Table 2 Spontaneous and UV-irradiated induction of g prophage a
Lysogen
Phage produced (pfu/ml) 
Spontaneous
Complementation in Lc. lactis MMS36 strain
The 4.1 kb-EcoRl fragment was isolated from pUCB210 and inserted into the E. coil-Ix, lactis shuttle vector pSA3, The resulting plasmid, named pUCB213 (Fig. 2) , was introduced into Ix. lactis MMS36 by electroporation and Em r transformants were selected. MMS survival of these clones to the wild-type levels was restored, and mitomycin C survival partly restored (Fig, 3) . The plasraids in these clones were analysed, and no rearrangement was observed.
1o IB 
5, DISCUSSION
This paper describes the cloning of a fragment of the Lc. lactis chromosome that restores several DNA repair-linked phenotypes lost in an E. coil fecal strain, The level of resistance of JMI09/ pUCB210 to MMS, MC or UV treatments was similar to or in some cases better than the wild-type strain, This may be due to the high copy number of the plasmid, Moreover, UV prophage induction was restored using the low copy number pUCB213, However, Pl plating competence was not restored by the cloned Lc lactis DNA, These results suggest that the protease activity expressed by the recA gene was complemented, but the recombinase activity was not.
Two hypotheses may be suggested 1o explain the nature of the cloned gone(s).
The first hypothesis is that a gone other than a recA gone has been isolated, which nevertheless mimics the SOS response in ~ rec4 strain. A similar example is the complementation of the MMS-sensitive phenotype of an E. coli recA$6 strain by the tag gone equivalent from Serratia marcescens [19] . It was suggested that the high gone copy number resulted in the synthesis of sufficient 3-methyladenine DNA glycosylase I to excise significant amounts of alkylated bases, without induction of the SOS response, however only a single phenotyp¢, MMS-resistance was restored [19] . In the study described here, the cloned fragment restored four different recA activities to an E. coli recA mutant. It is difficult to imagine that this pleiotropic effect can result from the activity of a gone that is not related to recA.
The second hypothesis is that pUCB210 carries a recA-like Lc. lactis gone, The absence of DNA hybridization does not exclude this possibility. Other studies [9] suggest that the nucleotide sequence may have diverged considerably from that of E. coll. The reason for pUCB210 only partially complementing recA mutants may be differences between the proteins. Although RecA proteins are reputed to be highly conserved, there are in fact significant variations. For example, the homologous proteins of E, coli and Synechoccus differ by 45~ (26~ accepting conservative substitution [9] ). Another possibility may be an artefactual effect produced by cloning procedures, resulting in a fusion protein, One or the other reason may lead to conformational differences between the proteins and thereby to different effects on the various activities of these multifunctional enzymes. Dutreix etal. [20] have shown a dissociation between the recombinase and protease activities of E. coli RecA and also between the various protease activities. This llne of argument is entirely consistent with interspecific complementa',ion being partial.
The SOS response of Lc. lactis is different 1o that of E. coil: some of the responses found in E. coli are not found in Lc. lactis [18, 21] . In the only known Lc. lactis rec defective strain, MMS36, plasmid pUCB210 partially restored two DNA 313 repair phenotypes (MMS-and MC-induced damage). However, the effect on recombination was not tested.
